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fl-S" (Phase Lead-Lag Compensator)* ol-§-«M ^r^Hr* ^ 
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7>7] ^ ^4^r» ^°l7l ^tb 3# ^«l*Kr 3*111 ^-2- 

{Digital audio amplifier including phase lead-lag compensator for increasing 
self-oscillation frequency} 

£ l£- tflX^Sl ^Bfl^l *>7] t\*}Q Sit]SL *«f-7l» ^Bf^xq-. 

5. 2*r ^l^AHHl nf-J^ *}7] t^^m -2-3^ ^7l» M-^vflfe 

£ 3£r £ 2°1) ^1^-^H V 5L#7l<q uJ-«- o]s. ^ x]<£^ 14 

£ 4^r tfl^^ ^H^S #^7lofl ^$-§r #<^*H ^ *fl^ft 

£ 5tt 51 2^ -g- ^-^ofl rt}-^- ^>7l x^^l^ ^3-71 olH ^^1 ^ ^-H^ 

£ 6£- Hre^l 2fl2^*HH 4= ^>7l T^^l^ _2_3_£. ##7l« M-Bj-ifl^ sis. 
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<9> £ *>7l ^(Self-Oscillation)^ Wl^ll ^rtb 

Sl^-*^ iL#7l (Phase Lead-Lag Compensator)* °l-§-*>^ *>7l ^ v) 

10> £ 1^ tflS^^ ^2fl^| 7>>7] c|*|^ ^711- i^-E^T*. ^Bfl^ 7^7} Mj- 

^ 3.^.2. ^7l*f ^ (Power) ifl*H Sfl^Rr ^-2-^ H€*1^(PM) ^ 

«l£i B€*1^(NM), ^111^(11), ^12^^(12), ^71(13), Slx} ^-71(14), 

wl 5171(15), ^ =eHW1(16)-i- ^Hl^. 

n> £ 11 ^efl<q ^ tj^ig ^71^ -g^*}^ r% 

^§-4 ^-cj.. #^ ^<a-(V0UT)* ^ *«7l(l3)1 ^*fl ^ «l*3. *«*H ^€ ^ 
^€ ^•a-(VFB)^- ^71(14)1 3*8^ -2-^-2- ^(VIN)^ 

(14)» Jg-tifl -£-*Kr §l^^^^^(Hysteresis)« £fe «1 5171(15)1- ^^r^i ^ 

a] JLS. tipW. €^ TflolB ^o]tf)(16)# ^ B.^t>1^(PM, NM)1 

ol £^ ^IJKVOUT)* ^H^. 
12> ^i3] ^]-&}-7fl^ £°KVIN)<>1 -Tl^r ^(VFB)^ ^ 
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3*1 ^ ^3.^ m^^l^Bl(PM)7> ^S^l ^ ^^-(VOUT)ol &<>>*1XI #^ 

(vourH 7]i^ ^o>^a-i ^(vin)^ ^ ^(vfbw m H^^l 

^lsltlr ^*h8r ^^"(VIN)# ^ -f^JlSL «H #3 

^(VOUTH *fl-f ^ 7 >^ «>4^-fe ^ ^#-2-3. M-eJ-^. #^ 

-tls(VOUT)^ ^ tfl<*|(20Hz~20kHz)3 ^ ^1J:(VIN)» <^ 3H *>7l ^ 

^ofl^ ^s) fe #<g- ^so] ci^^l 5j-^o] ^rf. <^7HH -S-^ ^^rf ^ 

lOOmV ifl^ 7}& ^ ^*1(PM, NM)^ ^ 

3(11) ifl^ 7lsf|AlBl(Cl)^ 7-]^(Rl)ol ^^tj-b ^o]cf. ofl ttJ-E}- ^ ^ A] TZ\(C1)2) 

^sRr Ti^AlEKCDl- J§-*1) JL = ^r #-ff°1] tilsfl^Jl o] T^Rl)^ ^M-f^ ^ 

BKci)^ ^sl-^r^l *fl^-€^. *]-sM *mRD# ^^o)l -sfl^-s]^ ^ 

^€31 ^71 ^2fl^ 7>7l T^ig ^7)^^^, T^OU)^ 

^*\mci)*\] <&^*\ t^a^CCI)^ ^ ^sl-^ 31SKV0UT) 

^ ^ ^Hl HQ ^ sx^r e|#oi ^7]^ t£$o] 

ojcf. trJ-EfAi oj^tt ^ll^BKlDoll ^2^B1(12)» ^^(Cascade)S. <?i^*H ^ 

25-6 



HPD20061790 %:% QA'- 2003/10/14 

16> tb^ ^3flAlBl(Cl)^ A%.~3L <&tQ ^*J-(Rl)^r ^11^^1(11)^ A>-g.«r>T3l2l-S # 

5**1 ^ 9X^ ^ ^4t7> ^o^lfe- 

^sHM- S^^>ZL ^SHl ^ ^*K^ #^2] ^ A?} ^Sl 

^ell^lol <g^J£)Z! d^^ofl ^^^L^ 0 ! o]7l-5l^ %m <&3L^ ^7) 
&^-X]<# 2-^7), -#7] 3a-g-*HJ- ^7l^ <£^JL* «1jHL*M ZL iLS> 

«1j5L71, ^ ^ ^l^l -g-#*H ^71 ^s.^ H^*1^3 TfloiH^q- #7} ?m «a 

7l7> <#7] €^ t^^U^ S/SHKS^ 7^>7l ^ ^Sj-^7} ^o} 
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<r Stb ^-7] cfl^^ ^<H^°11 2^ ^-71 #^7l^ tfl^s-i: ^H^-o.^ ^ ^ 

#^7H ^$-g- ^Sf^f S^ZL #^^131^ l^sH t^s ^ ^ 

£ *^34 ^ ^ ^ ^ ^<SJ ^AHl <q*H ^S|i=. S.^^- 

■Sl <>l*fl£|-7l ^*JMfe ^. la]-^^ ^Al<m» oflAl^ ^ JE^ ^ ^ JE^ofl 7l7fl 

-SMI*I ^ sn^i ^X|^ t^i^ -g-^ ^-Tfl* 

^l^(PMl), ^ ^3.^ H^l^Bj(NMl), ^(21), ^ ^-*)^ !L^7] (Phase 

Lead-Lag Compensator) (22), ^-71(24), *)M7](25), ^ XMH = eM *| (26)» 

^(21)°!] ^7l(27)7> ^^tf. 
#n 3x)S.^ H^^l^BKPMl)^ ^l^^CVDD), ^ ^(Positive) ^-SJ^tf 

°1 ?17}S\31 ^f-ic:E.(VDH JEL^o] , #3 t&S.^ H^1^B)(NMD^ ^-^^(VD) 

ofl <&&£\JL ^SL+°\] ^2^€^<a-(VSS), ^ ^-(Negative) ^^^^l S17}^t}. 
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>6> ^e](21)^ WiiH.(VD)^ #^^r ^^(21)5.^ rq^]^ £.^,2. ^ 

n> ^15} ^ J3L#7l(22)^r ^(21)3 #^^1J:(V0UT)^ 

# ^(Lead-Lag Compensation)^^ #^th=K iL#7l(22)^r #^^r ^(21) 

2] #^ir.^ ^7l(22)^| t^lcH. X[o}6\] o^S)^ *fl 1^ "Sj-(Rl) , #7l ^1 

7^J-(R1)32|. ^jg. o^S)^ ^SJW^(Cl), ^ ^71(22)^ 
^^(GND) A>oH <g^S)fe >l]27-]^-(R2)^: i^><^ 

iS> ^71(24)^ ^7l(22)^ #^Ji(VFB)^ 

(VIN)» wlJE^H ^- -2-*>» ^rW. Hi J5L71 (25)^r SL*} #^-71(24)1- ^s.^ J2_^>* 

h>^.jl, 71] °1H -E.e)- 0 ltf|(26)^- ^7l Jgli v\3-+ 
Ei(PMl)^ TflolH^ ^ <fflSi H^l^Bl(NMl)^ TflolH* ^HW. 
59> ^> ^7}(24)^-, V)M7](25)4\ ^S]^ *Hl^ lcH.7} <$ ^ .2. 

t^.$L a1Jl(VINH1 ^Slfe ^71(23), ^L^-^l^ iL#7l^ #^^(VFB)^ #7l 

^71(23)^1 *fl2<^^ Si^slfe *Hl7>i^(R3), -^-71 ^71(23)2] *fl2<a 

f^JE.^ #3^JEL(V0P) A>o]6]l <^^S)^ ^12^^(R4), ^ ^-71 *H27i^(R4)4 *%HS. 
^ ^^A]El(C4)« it^^ T^^^h ^"71 ^71(24)^ tfl^^o] 

SHr*l| =L ^t^r ^l27^J-(R4)3q- $^3. ^S]^ ^ ^ ^ ^ (C4)o)l 3^ o^o^t}-. ^ ^ 
4^(C4)7> ^27]%(R4)fil- ^ H7l^ <33I|^« SHr ^3<>1 
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°1*> £ 2ofl ^6fl tcHi- ^>7l ^*)*§ *=WM -S-^^- €3 ^ 

°1 ^1*1 -£^4. Q^mSLS. ^7lfe ^sfl -^(Feedback loop)<>JM 360°^1 ^ 

^-e^H if-H^ ^-fr (Phase margin)* ^ ^^ 7 > ^7>t!:^-. ^ 

£. H #2fl^ ^>7l ^*l*8 ^7l^r T^Al^o]] 2] H 

tHHRD* <^-R-« ^Sl*H ^V^, S. 2^1 ^ 7>7l It&q 

t\x)*£ ±xl± #s.7lfe ^ ^71(22)* <>l-§-^ <^-fh» ^Bflclrf. 

5. 3£r S. 2*11 S)^- ^l^-^l^- J±#7l(22)£| ^sHr°fl ^ ^ *1<£^§- 

M^W. ^71(22)^ ^(21)^ iH^^r *1<?M- Ji-S-H ^ 

^7lolrf. o) *)sfr ^71(22)^ R13)- Cl^ 

^ ^(ZeroH ^7>SM fl-iH ^^(Lead)5)i^-7> ^Sr^7> o| ^ 

7 r *r 1 3 C14 Rl, R2^ ^^7^J-(R1| |R2)^)1 °]n ^(PoleH ^7}7} ^ 

X]£\JL ^ ^o] ^7} o] ^%<£\ l 0 tifl7> £)*r ^^oflA-] t±A] ^Hfl^ 

^SLsLV) ^ d)o.M. vY^.6\ §4. o] <fl# o^-fH- SL*} ^71(24)^- *liIL7K25)°]l *] 

£ *b tfl^^ 7il^^(C4)^ ^tfl JLS> ^71(24)^1 ^ tfl 

^^r #^^r ^3-^4. ^> ^7l(24)^A^ ^ ^ ^ ^s|-^6fl 
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14> J£ 5tt £ 2^1 ^^^1 tt)-S. ^>7l t^^l^ ^.C]^. ^S^o^ ^*(| Jf-S^ ^4 

^ q-EHM-. £ 2*1] SA]^ ^ ^£|(Low Pass Filter), ^ #^ ^^(21)^ 

L/C 2*V ^ Si H^fl^l^Bll-(PMl,NMl)^ ^^^.(VD)S-^-Bl #^5]^ ^U^H 

°an 3-*)SL 4lJl(VIN)iLt} ^r^Hr °1 ^(21)<>1H ^ 

<>1 40dB/decS ^§>^ 180° *1 ^4^1- #7}*}^ TlaflAl^oil ^ 

3. ^ MHz ol^>»i 7^ ^-Aj^rf. 

s> ^3 (21)^1 #^ ^JlCVOUT)^ J±#7l(22)«*i] 5ltfl #ji ^>^ol 

^ls(VFB)5.^ ^^t}. o] ^ Aljr(VFB)^ ^.^> ^71(24)^1^ 

6> -tfSlfe Tfl^^lH ?m ^Ht 45} 5i7l (25) ^ TflolH (26)<fl>H ^7} 

a ^^M-^l *m 3.^ H^*]^#(PM1,NM1)<*H ^ t&Qo) 180° 

^^M-Tfl €^r. ^ # 360°7> slxr ^4^o11a^ ol^-ol 

lolAj-o] ^>7l fl^-fr *}7fl ^tf. olej^fj. o]^ *J 4)^- X|o|^. Ji>S-7l(22)^ A 

*r ^7l(24)4M S^o] 7Hr*H=r. ^(21)^ $X^r ^ ^ ^4^7> ^ kHz^ 

^7> kHz tfl^ o.s. ^7>tb^-. 
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«7> IE 3, £ 4, £ £ ^^(W)Sf ol^-(Gain)^ 5.^ i^S 5)^^. 

{ 8> tb€ ^>7l 3*1^ ff7li^H ^^ol ^7>^ ^ ^^7> t<H*m 

SHr^, tfl^^ ^H^(C4)^S. JL*> ^71(24)^1 « 
^ #3 ^sH i*hE- 7V7] ^ ^^K^ ^ 5U^. «^ ^ ^Hr7> ^ 

c^^l^Jl ^ $L*\ ^71(24)^1^ °]^Sr ^o]jl <fl>£ X)<£-Zr #o]^ tiV^o]] ^ ^^7> 

^e1-7>^Ji ^ #o]3. <^ ^sj-o]] tcfs ^ 

'9> £ 6-8: 1t*$Si\ *(|2^HH tcj-g. *> 7 ] t^ig £.t}j£. ^7l» M-^fe S\S, 

o> £ 64- #3^3, *fl2^AHH 4^. *}7l Tjt&q j£>.c)£. ^7lfe 5. 

2<^1 ^ll^AH^- ^(61) tfl<*H ^3flA]B](C)<4 ^l^CGND) a>o] 

^1 ^(R)^- t:i 

i> aH^H^IMfe ^(61) ^(R)<>1 ^ x}7] 

^ ^4^7} ^7>^r]-. tWeKcH *\^5L *\*MR)°) ^(ESR) 

#^3^ #^71(24)^- «1S7](25) ZLElZL TIHE S.5fo]^(26)oflA^ <^ ^ o. 

2> £ 7 ifl*] £ 9^ 3E 2 ^ £. 6<H] ^ ^-^]^ Ji#7](22)£) t}€- ofls.^. u} 
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£■ 73) ^ *L#-*|# £-^7)±r, #^^r ^(21)^ #^ic= (VOUT)^- ifl^-i^E.(N) 
d H ^l^(Rl), ^3 #^^(VOUT)^ ufl^-^(N) *}°}*\) ^HRl)^ ^ 

Q^xr t^^eKCD, tfl^-^(N)^ *MJ-*1# Ji#7l^ #^^(VFB) A>o]6fl 
7^(R2), ^ ^-^^ #^^=(VFB)54- ^l^CGND) *\-°]<$ ^ 

5. 8^ ^ Q^r-x]^: iL^7lfe, Q^S>\ #^^(V0UT)^ ^ 

7)2) #^^(VFB) Afo]^ <Q^s)^ t^(ri), ^l^-^l^- ^7l^| #^J=(VFB)^ tfl 

^-2n2=(N) AHofl o^^s)^. ^HR2), ifl-^^(N)^ ^^(GND) -S^s]^ ^ 

(R3), ^ #^ ^^r= (VOUT) <q. ifljfL^c ( N ) <&&s\±r ^sjHEi (Cl)« ^} 

7]^ #^^(VFB) o^s]^ 7-]%(Ri) ( ^b)<^ #^ii=(V0UT)^ ^-tf 

# i^-71^ #^^(VFB) 4 6 H 7WR1)4 -g^TT Tl^AlBKCl), ^ 

£.^7)°\ #^i^E(VFB)^ 3*1 ^(GND) A}oHl <a^s)^ 7^(R2), ^ #^^h ^(61) xfl 

^ Tl^AlBKC)^ ^(R) #£>\ ^^(N)^ ^Aj- ^ ^^(yfb) ^o")^ <g 

7l^fl€ ^3 ^» ^11^1-71 ^ <^H^. ^- 7l# &*\*) -f- 
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> ol^H -M^tt Ir^^l ^ ^>7l t^ig ^.tqiL ^7lfe, #^ 

^1 S^-sT-^L #?^J:^ rcj-s. ^ #^X\tQ ^ &i=. ft^o] 
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13 ^ 1] 

3; 

#7] ^ftHi JESll^o] c^SjjL 4i.2_^oJ| o]7>5]^ 9&3L^ H 

#7] ^H^ltf #^41^ ^^^t^^LAl^ HlS^ ZL 

^"71 ^7)» ^ Al^s. tilJl7]; ^ 

%7] }L^7}7\ #7] €^ #^^1J1^ ^#-§r 3LW 

JLJL*) 7>7l ^ ^^7> ^^1^ 3^ *m -2-^-2- ^71. 

I^^S" 2] 

#7] ^71^ tfl^^ 2^§Hr tfl<S^ ^o^-rf o. ^ ^ti]^ ^ ^10 S 

*>*r ^lll SLt\± ^7). 
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■1020061790 2003/10/14 
[^t 1 * 3] 

#3?^ #^3=^ ^7) #^i^= A>olofl o^S] 

S^JtS.^ #7] JSL^M^) #^3= AVoJo]] #7] 

^71^ ^^JE.^ Al-olofl o^Sjfe ^2^^ ^-Wl-sfl- 

S^O S ^LXjSL ^7). 

4] 

^11*41 sa°H, #7l 3# Ji^7lfe, 
tWb]; 

#7] tfl-^:EL<4 ^-^Itf iL#7l£) f^i^EL A>o]o1] o^S^ J^IM ^ 

-*7l fl-S- ^71^ f^i^sq- 3*1 ^ *}°H -S^s}^ ^13^** ^1*> 

^^-S. ^ t)*)^ ^7]. 

5] 

^"71 ^B)«q |^tE4 <$7\ fl-S- ^l^-^1^ ^7l^ *5|iJ= A>o]ofl 

^ ^l^^-; 
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#7l ^ ;£l#-*l# 2L<#7]2i\ f^kES} ifl^S- 4°11 "S^fe ^12^-^; 

"s" ^ tq^l^ Sl€\sl ^7). 

*H2-m #7i ^> ^#7i^, 

#71 fltf ^#-*l-# ^.#71^1 t^ic^ ^"71 ^7H *fl2<a^i^ *><>H ^ 

^11^^-; 

#71 ^7]H\ ^12^^^=^- #71 <£# ^71^1 #5^=. A>o]oll £4s)*r ^12 

#7l <£# ^7)S\ ^2*8 ^3=^ ^71 ^7}9\ #B^I= A}ol6)l 

£^3^ Tl^flAlBll- ^-Hl^ 1=1 ^11 ^71. 

7] 

*|r*4| #71 #*|# ^fe, 

#71 ^lni=<4 ^71 #^^r ^Bl^l #b^J= A>o]o(| $133; 
#71 ^ElSl #^i^S.oll H^o} <£4£)^ ^U^sfl^B); 

#71 ^l?l3t||AlEl5l Ej-^SZ}. ^*1#<£ Al-Olofl ^^5]^ *)1 ^*1 *Hr £ + 

5L *}±r t^xl^ SLr^SL #^7l. 



25-17 




#^ 2003/10/14 



8] 

^-71 ^s^esq. #7] ^71^ #^i^L *}°H 9m*\ 

^- 7 ] SgE^ ^"71 *L#-*1# ^71^ #^JEL A>oH >^7l 

-^71 £-^7}°\ ^l^tf A}o]6\] <£^.S\$r ^ 

^•71 a-^71^ -*7l ^l^SflAlB^ B}-# A>o]oll 

37i3[]X|Ei* ^-w]*Rr ^io S ^ SLt)SL ^71. 
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[5L 3] 

Gain(VFB/V0UT) 



OdB- 

R2 

R1+R2 



Phase(VFB /Vout) 




W 



Wz WP 
1 

ClRl 



W 



Wz=^W- Wp=- 1 



C1(R1||R2) 



4] 

Gain(Vop/Vre) 




C4R4 



^ <&x}-- 2003/10/14 
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15L 5] 

Loop Gain 
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ISL 7] 
VOUT 




VFB 



GND 



8] 

VOUT- 



Ci: 



£R1 



R2 
N 



^R3 
GND 



•VFB 



^ <H*>: 2003/10/14 
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[51 9] 



VOUT- 



R1 




:C1 



VFB 



Cb 



:R2 



GND 



62 



GND 



^ 2003/10/14 



25-25 



